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INTEGRATED TUNGSTEN-SILICIDE
PROCESSES

This 1s a continuation of application Ser. No. 08/587,147,
filed Jan. 16, 1996, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of thin films and
their methods of manufacturing and more specifically, to
composite silicon/tungsten-silicide thin films and their
methods of fabrication.

2. Discussion of Related Art

As features of VLSI circuits continue to shrink, the
necessity of decreasing the resistance associated with inter-
connection paths and gate electrodes becomes ever more
pressing. Polysilicon has been widely used for many years
in the formation of gate electrodes and interconnects.
Polysilicon, however, has been somewhat limited by 1ts high
bulk resistivity of 0.7 mohm-cm. Polycide films, which
consist of a low resistance silicide formed on top of a doped
polysilicon film, have been used 1n place of polysilicon films
in an attempt to further decrease the resistance of gate
clectrodes and interconnects to thereby create faster and
lower power consuming integrated circuits.

A polycide film comprising a tungsten-silicide layer
formed on a doped polysilicon layer has been widely used as
cgate electrodes and interconnections 1n many metal oxide
semiconductor (MOS) processes. In the fabrication of a
doped polysilicon/tungsten-silicide gate electrode, as shown
in FIG. 1a, a doped polysilicon layer 104 of approximately
1000 angstroms (131) 1s blanket deposited onto a gate dielec-
tric layer 102 formed over the surface of a wafer or substrate
100. A tungsten-silicide layer 106, of the same order of
magnitude 1n thickness as polysilicon layer 104 1s then
deposited over doped polysilicon layer 104 to form a “poly-
cide” stack 108. Tungsten-silicide layer 106 can be formed
by chemical vapor deposition (CVD) utilizing a reduction
reaction of monosilane (SiH,) and tungsten hexafluorine
(WF,). Such a deposition technique forms a good quality
f1lm having a uniform thickness across the surface of the
waler and a relatively smooth top surface. Unfortunately,
however, utilizing a SiH, reduction of WF, to form
tungsten-silicide layer 106 incorporates a substantial amount
of fluorine atoms 1nto the tungsten-silicide layer which can
later damage or destroy fabricated devices.

In order to reduce fluorine 1incorporation, tungsten-silicide
layer 110 can be formed by CVD utilizing a reduction
reaction of dichlorosilane (DCS or SiH,Cl,) and tungsten
hexafluorine (WF,). Although such a DCS based reaction
substantially eliminates fluorine incorporation, the film 1s of
low quality because dopant impurities 1n polysilicon layer
104 prevent good nucleation from occurring. As a result, as
shown i FIG. 1b, the film forms nonuniformly over the
surface of the wafer and has an unacceptably rough surface.
Such a polycide film 112 is unacceptable for VLSI manu-
facturing. Another problem associated with forming a DCS
based tungsten-silicide layer on a doped polysilicon layer 1s
that such a deposition technique can form a tungsten rich
interface which 1s known to negatively impact device per-
formance and cause reliability problems such as electromi-
oration and high film stress. The presence of polysilicon
dopants at the interface can also lead to the formation of an
undesired tungsten rich interface.

It has been discovered that in order to produce a tungsten-
silicide film of good quality by a DCS reduction of WFE, 1t
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1s necessary to form a thin, at least 150 A, undoped poly-
silicon capping layer 114 on doped polysilicon layer 104.
Undoped polysilicon capping layer 114 provides a barrier
between the dopant impurities 1n doped polysilicon layer
104 and DCS based tungsten-silicide film 116. In this way,
a DCS based tungsten-silicide film 116 can be formed with
ogood uniformity and a substantially smooth surface across a
waler. Unfortunately, however, such a technique i1s only
viable for polycide films 120 having a thickness greater than
1000 A. For thinner films, less than 1000 131, the undoped
capping layer 114, which must still be at least 150 A to
produce a sufficient barrier, comprises too much of the total
film thickness and results 1n a substantial reduction in the
total dopant concentration of the polycide film 120 which 1n
turn results 1n an increase 1n total resistance. Attempts to
further increase the doping concentration level of the poly-
silicon layer 104 to offset capping layer 114 results in dopant
diffusion 1nto gate oxide 102 and consequently to device
performance degradation and damage.

Thus, what 1s desired 1s a method of forming a thin low
resistance polycide film having a uniform thickness and a
smooth top surface which does not incorporate an undesir-
able amount of fluorine, and which does not have a tungsten
rich interface.

SUMMARY OF THE INVENTION

Methods of forming a silicide on a doped silicon layer,
without an undoped silicon cap are described. In a first
method, a doped silicon layer 1s exposed to a first gas mix
comprising monosilane (SiH,) to form a monosilane
exposed doped silicon surface. Next, a first tungsten-silicide
layer, formed by a reduction reaction of S1H, and WF, 1s
formed on the monosilane exposed silicon surface. A second
tungsten-silicide layer, formed by a reduction reaction of
SiH,Cl, and WF,, 1s then formed on the first tungsten-
silicide layer. In a second method, a doped amorphous
silicon layer 1s formed. A tungsten-silicide layer, formed by
a reduction reaction of S1H,Cl, and WF, 1s then deposited
onto the amorphous silicon layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a 1s an 1llustration of a cross-sectional view show-
ing a polycide film comprising a doped polysilicon layer and
a tungsten-silicide layer formed from SiH, and WEF._.

FIG. 1b 1s an 1llustration of a cross-sectional view show-
ing a polycide film comprising a doped polysilicon layer and
a tungsten-silicide layer formed from SiH,Cl,.

FIG. 1c 1s an 1llustration of a cross-sectional view show-
ing a polycide film comprising a doped polysilicon layer, an
undoped polysilicon capping layer, and a tungsten-silicide
layer formed from SiH,Cl, and WE ...

FIG. 2a 1s an 1llustration of a cross-sectional view show-

ing a gate dielectric layer formed on a substrate and a doped
polysilicon layer formed on the gate dielectric layer.

FIG. 2b 1s an 1llustration of a cross-sectional view show-

ing a monosilane pretreatment of the polysilicon layer on the
substrate of FIG. 2a.

FIG. 2c¢ 15 an 1llustration of a cross-sectional view show-
ing the formation of a tungsten-silicide layer from a reaction

of S1H, and WF, on the substrate of FIG. 2b.

FIG. 2d 1s an 1llustration of a cross-sectional view show-
ing the formation of a tungsten-silicide layer from a reaction

of S1H,Cl, and WF, on the substrate of FIG. 2c.

FIG. 3a 1s an 1llustration of a cross-sectional view show-
ing the formation of an amorphous silicon layer on a
substrate.
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FIG. 3b 1s an 1llustration of a cross-sectional view show-
ing the formation of a dichlorosilane based tungsten-silicide
layer on the substrate of FIG. 3a.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

Novel silicon/tungsten-silicide composite thin films and
their methods of fabrication are described. In the following
description, numerous specific details are set forth, such as
specific materials, thicknesses, and process parameters, in
order to provide a thorough understanding of the present
mvention. It will be obvious, however, to one skilled 1n the
art that the present invention may be practiced without these
specific details. In other instances, other well known semi-
conductor processes and machinery have not been described
in particular detail in order to avoid unnecessarily obscuring
the present invention.

The first embodiment of the present invention describes a
novel method of forming a novel composite film comprising
a lower silicon layer, an interfacial tungsten-silicide layer
formed by chemical vapor deposition (CVD) utilizing a
process gas mix of monosilane (SiH,) and tungsten
hexafluorine (WF,), and a top tungsten-silicide layer formed
by CVD utilizing a process gas mix comprising dichlorosi-
lane (DCS or SiH,Cl,) and WF .. The novel composite film
of the present invention can be fermed thin (less than 1000
A) and uniformly over the entire surface of a water. The film
1s characterized by a smooth top surface and a low sheet
resistance. The composite film of the present invention 1s
ideally suited for use as a gate electrode or as an 1ntercon-
nection 1n an integrated circuit such as a microprocessor or
memory device, but may be used in other polycide
applications, 1f desired.

The present invention will be explained with respect to
the formation of a polycide film to be used as a gate
electrode in a metal oxide semiconductor (MOS) integrated
circuit. In such a process, a sesmiconductor substrate or water
200 1s provided. It 1s to be appreciated that substrate 200 1s
preferably a single crystalline silicon substrate doped to a
suitable concentration level and may include well known
wells and field isolation regions and other conventional
features. A gate dielectric layer 202, such as S10,, having a
thickness less than 100 A, is formed over substrate 200.

Next, as shown 1n FIG. 24, a silicon layer 204 1s formed
over gate dielectric layer 202. According to the preferred
embodiment of the present invention, silicon layer 204 1s a
polycrystalline silicon layer (polysilicon) doped with
impurities, such as phosphorous, to a concentration level
between 1x107°/cm’-6x10°"/cm”. Silicon layer 204 is pref-
erably a polycrystalline silicon layer formed to a thickness
of approximately 500 A or less (for a polycide film of 1000
A or less) by chemical vapor deposition (CVD) in a separate
chamber of the same cluster tool used to deposit the subse-
quently deposited tungsten-silicide layers described below.

It 1s to be appreciated that according to the first embodi-
ment of the present invention, silicon layer 204 need not
necessarily be a polysilicon layer, but may be any other type
of silicon layer, such as amorphous silicon, i1f desired.
Additionally, silicon layer 204 need not necessarily be a
highly doped silicon layer and may be a low doped or
undoped layer, 1f desired. It 1s to be appreciated, however,
that an advantage of the present invention 1s 1ts ability to
form a uniform, high quality, tungsten-silicide film on a
doped silicon layer. However, any well known silicon layer
and method of fabrication may be used to form silicon layer

204.

10

15

20

25

30

35

40

45

50

55

60

65

4

Next, according to the first preferred embodiment of the
present invention, substrate or wafer 200 1s transferred from
the polysilicon deposition chamber mto a CVD tungsten-
silicide deposition chamber such as available 1n a Centura
high temperature film (HTF) tool available from Applied
Materials of Santa Clara, Calif. The tungsten-silicide depo-
sition chamber 1s preferably lamp heated and preferably has
a gas delivery system through the lid with a susceptor to
shower head spacing of approximately 475 mills.
Additionally, the tungsten-silicide deposition chamber 1s
preferably a single water chamber capable of being evacu-
ated to less than 0.2 T. Additionally, the gas delivery system
1s coupled to and can supply sufficient volumes of the
following process gases: SiH,, S1H,Cl,, and WF, and 1s
coupled to and can supply sufficient volumes of an 1nert gas
or gases such as argon (Ar), helium (He), and nitrogen (N,,).

Next, as shown i FIG. 2b, polysilicon layer 204 1s
preconditioned by exposing polysilicon layer 204 to a gas
comprising monosilane (SiH,). The goal of the monosilane
pretreatment (or “monosilane soak™) is to form a uniform
layer (tens of Angstroms) of monosilane 206 across the
surface of polysilicon layer 204 prior to flowing a source of
tungsten into the deposition chamber. In this way, when WE,,
1s subsequently flowed 1nto the deposition chamber, a uni-
form layer of monosilane 1s already provided across the
surface of the polysilicon layer 204 allowing for a uniform
deposition of tungsten-silicide on polysilicon layer 204.
Although preconditioning polysilicon layer 204 1s desired to
help achieve good tungsten-silicide deposition, it 1s not
required to practice the present invention.

Preconditioning of polysilicon layer 204 can be accom-
plished by flowing between 100-1000 sccm of monosilane,
with 300 sccm being preferred, into the deposition chamber,
at a temperature between 450-625° C. with 550° C. being
preferred, for a time between 560 seconds with 40 seconds
being preferred.

The preconditioning step occurs at a pressure between
0.5—15 T with one T being preferred. It 1s to be appreciated
that preconditioning polysilicon layer 204 at too high of a
pressure can cause undesirable silicon deposition and sub-
sequent tungsten-silicide deposition on chamber walls and
windows and on the backside of the susceptor. Argen can be
included in the monosilane preconditioning gas mix 1n order
to help prevent undesired silicon formation in the chamber.

Next, as shown in FIG. 2¢, a thin monosilane (SiH,) based
tungsten-silicide layer 208 1s formed onto polysilicon layer
204. The purpose of monosilane based tungsten-silicide
layer 208 1s to provide an interfacial layer which has a
uniform thickness, a smooth surface, and a consistent resis-
tivity across the surface of wafter 200. Tungsten-silicide
layer 208 is formed by chemical vapor deposition (CVD)
utilizing a reduction reaction of monosilane (SiH,) and WF,..
Monosilane based tungsten-silicide layer 208 1s deposited to
a thickness between 10-500 A with 100 A being preferred
Tungsten-silicide layer 208 1s formed thick enough to uni-
formly form at least one or two monolayers of tungsten-
silicide onto polysilicon layer 204 but yet 1s kept thin enough
so as to limit the amount of fluorine incorporated into the
deposited film. Because tungsten-silicide layer 208 1is
formed onto a monosilane exposed polysilicon surface 206,
a thin uniform layer of tungsten-silicide 208 can be reliably
formed across the surface of water 200.

Monosilane based tungsten-silicide layer 208 1s prefer-
ably deposited insitu (i.e. in the same chamber and imme-
diately after) the monosilane preconditioning step.
Tungsten-silicide layer 208 1s preferably formed by intro-
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ducing a gas mix comprising approximately four sccm of
WF, and approximately 300 sccm of monosilane 1nto a
reaction chamber for approximately two-three seconds at a
pressure between 0.2—10 T with one-two T being preferred
and at a temperature between 450-625° C. with 550° C.
being preferred. An inert gas or gases such as argon, helium
and nitrogen can be included into the gas mix in order to
prevent undesired tungsten-silicide deposition onto the reac-
tion chamber and to provide a carrier for WF, 1f desired.

It 1s to be appreciated that the reaction of S1tH, and WF,
produces tungsten-silicide (WSiy) where X22.0. As such,
the resistivity of the deposited tungsten-silicide film 208 can
be tailored to specific needs by adjusting the gas ratio of
SiH,:WF.. The greater the flow of S1H, relative to WF, the
orcater will be the silicon content 1n the tungsten-silicide
film. The greater the silicon content 1n the film, the higher
will be the resistivity of the film. Additionally, tungsten-
silicide layer 208 1s preferably deposited so that 1t has a flat
S1: W composition ratio (i.e. the Si:W ratio is substantially
the same throughout the thickness of the film).

Next, as shown in FIG. 2d, a dichlorosilane (DCS or
SiH,Cl,) based tungsten-silicide layer 210 is formed onto
monosilane based tungsten-silicide layer 208. Tungsten-
silicide layer 210 1s formed by chemical vapor deposition
utilizing a reduction reaction of WF, and DCS and 1s
preferably formed insitu (i.e. in the same chamber and
immediately after) monosilane based tungsten-silicide layer
208. In order to reduce the fluorine content in the polycide
film, DCS based tungsten-silicide layer 210 makes up the
bulk of the dual layer tungsten-sﬂicide f1lm 212. DCS based
tungsten-silicide layer 210 1s preferably formed to a thick-
ness between 300-700 A for a 1000 A polycide film. For a
polycide stack greater than 1000 A, DCS based tungsten-
silicide layer 210 should preferably be formed to a thickness
oreater than 500 A.

The gas flow ratio of DCS:WF, can be chosen to obtain
a desired tungsten-silicide composition ratio and therefore a
desired resistivity of tungsten-silicide film 210. Because
DCS based tungsten-silicide film 210 comprises the bulk of
the dual layer tungsten film 212, 1t must be formed to a
thickness and with the appropriate S1: W composition ratio to
obtain the desired resistivity and thickness for polycide film

214.

DCS based tungsten-silicide layer 210 can be formed by
flowing a gas mix comprising approximately 200 sccm of
DCS and approximately 4 sccm of WFE, 1mto a reaction
chamber at a pressure between 0.2—10 T with approximately
one T being preferred, and at a temperature between
450-625° C. with 550° C. being preferred. An inert gas or
gases, such as argon, helium and nitrogen, can be included
in the gas mix 1n order to prevent undesired tungsten-silicide
deposition onto the reaction chamber and to provide a carrier
for WF, 1f desired. It 1s to be appreciated that DCS based
tungsten-silicide film 210 1s able to be formed uniformly and
with a smooth surface because interfacial monosilane based
tungsten-silicide layer 208 prevents interaction with doped
polysilicon layer 204.

It 1s to be noted that 1t 1s undesirable to have a tungsten
rich mterface between dual layer tungsten-silicide film 212
and polysilicon layer 204. A tungsten rich interface can
cause electromigration which can lead to void formation
which 1 turn can cause open circuits. Additionally, a
tungsten-rich interface can result 1n a high film stress which
can lead to peeling. As such, according to the first preferred
embodiment of the present invention, deposition parameters
arec chosen so as to form a monosilane based tungsten-

10

15

20

25

30

35

40

45

50

55

60

65

6

silicide layer 208 with a S1:W content ratio greater than or
equal to the S1:W content ratio of the DCS based tungsten-
silicide layer 210. That 1s, monosilane based tungsten-
silicide layer 208 1s preferably the same as or more silicon
rich than DCS based tungsten-silicide layer 210.

After deposition of DCS based tungsten-silicide layer
210, a “monosilane cap” can be formed on DCS based
tungsten-silicide layer 210, 1f desired. Flowing monosilane
over tungsten-silicide layer 210 allows any loose tungsten
bonds to react with monosilane and form tungsten-silicide.
Forming a “monosilane cap” helps reduce stress i the DCS
based tungsten-silicide layer. A “monosilane cap” can be
formed insitu by flowing approximately 200 sccm of
monosilane for approximately 15 seconds into the tungsten-
silicide deposition chamber at a pressure of approximately
one T and at a temperature of approximately 550° C.

After formation of a “monosilane cap,” substrate 200 1is
removed from the tungsten-silicide deposition chamber.
Substrate 200 1s then eventually annealed to activate and
drive dopants 1n polysilicon layer 204 and to alter the
stoichiometry of tungsten-silicide films 208 and 210, from
WS, XZ22.0=3.5 to WS1, X=2.0 which reduces the sheet
resistance of the polycide film. Any well known anneal
method and apparatus can be used to anneal substrate 200,
such as a Rapid Thermal Anneal (RTA), at approximately
1000° C., in a nitrogen ambient, for a time between 30—-60
seconds, or a standard furnace anneal at 850° C. for 30
minutes.

At this point, the formation of a novel polycide film
comprising a doped polysilicon layer 204 and interfacial
monosilane based tungsten-silicide layer 208, and a bulk
DCS based tungsten-silicide layer 210 1s now complete. The
low resistance monosilane based tungsten-silicide interfacial
layer of the first embodiment of the present invention
enables a thin (less than 1000 A), low resistance (6001500
1#€2-cm) polycide film to be formed uniformly across the
surface of a wafer without substantial fluorine incorporation
therein. Conventional photolithographic and etching tech-
niques can be used to pattern polycide film 214 into a
plurality of gate electrodes. Well known doping and inter-
connection techniques can then be utilized to complete the
fabrication of an mtegrated circuit.

A second embodiment of the present invention describes
a novel composite film comprising a lower amorphous
silicon layer and a top tungsten-silicide layer formed by
CVD utilizing a process gas mix comprising dichlorosilane
(DCS) and tungsten hexafluorine (WF). The novel com-
posite film ot the second preferred embodiment of the
present invention can be formed thin (less than 1000 A) and
uniformly across the surface of a water. The thin film 1s
characterized as having a smooth top surface and a low sheet
resistance. Additionally, the film can be formed without
undesirable fluorine incorporation.

According to the second method of the present invention,
an amorphous silicon layer 304 1s blanket deposited onto
cgate dielectric layer 202 formed on substrate 200. Amor-
phous layer 304 1s preferably formed to a thickness of less
than 500 A by chemical vapor deposition (CVD) and is
insitu doped with impurities, such as phosphorous, to a
concentration level between 1x10°°/cm” to 6x10°°/cm”.
Amorphous silicon layer 304 can be formed by CVD by
flowing monosilane (SiH,), H,, and a dopant source, such as
phosphine, 1nto a reaction chamber at a pressure between
3-200T and at a temperature between 600—-630° C. Any well
known method, however, can be utilized to form amorphous
silicon layer 304.
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Next, as shown 1n FIG. 3b, substrate 200 1s transferred
into a tungsten-silicide deposition chamber such as
described above. A dichlorosilane (SiH,Cl, or DCS) based
tungsten-silicide layer 306 1s then deposited onto amorphous
silicon layer 304. DCS based tungsten-silicide layer 1is
formed by chemical vapor deposition utilizing a reduction
reaction of WF, and DCS. The gas flow ratio of DCS:WF
1s chosen to obtain a desired S1:W composition ratio and
therefore the desired resistivity of tungsten-silicide film 306.
DCS based tungsten-silicide 306 1s preferably formed so as
to generate has a flat S1:W composition ratio.

DCS based tungsten-silicide layer 306 1s preferably
deposited to a thickness less than 500 A by flowing a gas mix
comprising approximately 200 sccm of DCS and approxi-
mately four sccm of WE, 1nto a reaction chamber at a
pressure between 0.2—-10 T with approximately one T being,
preferred, and at a temperature between 450-625° C. with
550° C. being preferred. An inert gas or gases such as argon,
helium, and nitrogen can be 1ncluded 1n the gas mix 1n order
to prevent undesired tungsten-silicide deposition on the
reaction chamber and to provide a carrier for WF...

It 1s to be noted that DCS based tungsten-silicide layer
306 can be formed uniformly and with a smooth surface, as
shown 1in FIG. 3b, because 1t 1s formed onto a doped
amorphous silicon layer as opposed to a doped polysilicon
layer. Because amorphous silicon is devoid of a long range
periodic structures, 1t has few grain boundaries. Because
amorphous silicon lacks substantial grain boundaries,
dopants are unable to readily diffuse to the surface where
they can 1nhibit nucleation and therefore good film growth.
Thus, by forming DCS based tungsten-silicide layer 306
directly onto amorphous silicon layer 304, a smooth and
uniform tungsten-silicide layer can be grown without the
need for a “capping” layer as required with doped polysili-
con.

In order to prevent a tungsten rich interface, and initial
nucleation step may be utilized prior to deposition of DCS
based tungsten-silicide layer 308, it desired. Such a nucle-
ation step would occur for approximately 20 seconds and
would utilize the same process gases and parameters as DCS
based tungsten-silicide film 306, except that the nucleation
step would occur at a slightly higher pressure, approxi-
mately 1.5 T in the preferred embodiment, than the bulk
deposition, which 1n the preferred embodiment 1s one T.

Additionally, after deposition of DCS based tungsten-
silicide layer 306, a “monosilane cap” can be formed on
DCS based tungsten-silicide layer 306, if desired. Flowing
monosilane over tungsten-silicide layer 306 allows any
loose tungsten bonds to react with monosilane and form
tungsten-silicide. A monosilane cap can be formed as
described above.

After formation of a “monosilane cap,” substrate 200 1s
removed from the tungsten-silicide deposition chamber.
Substrate 200 1s then eventually annealed to activate and
drive the dopants 1n amorphous silicon layer 304 and to alter
the stoichiochemistry of DCS based tungsten-silicide film
306 to decrease 1ts resistance. Any well known anneal
method and apparatus can be utilized to anneal substrate
200, such as a rapid thermal anneal (RTA), at approximately
1000° C., in a nitrogen ambient, for a time between 30-60
seconds, or a standard furnace anneal. It 1s to be appreciated
that the anneal step converts amorphous silicon 304 into
polycrystalline silicon.

At this time, the formation of a novel amorphous silicon/
DCS based tungsten-silicide composite film 308 1s now
complete. The novel silicon/tungsten-silicide composite film
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308 can be formed thin (less than 1000 A) and uniformly
across the surface of a water. Very little, 1f any, fluorine 1s
incorporated into a composite film 308 because tungsten-
silicide layer 306 1s deposited from DCS. Conventional
patterning, doping, and interconnection techniques can be
used to complete the fabrication of an integrated circuit.

It 1s to be noted that although the present invention has
been described with respect to the formation of a gate
clectrode, the processes of the present invention can be used
anywhere low resistance silicon films are needed, such as
interconnects. Additionally, although the present mmvention
has been described with respect to the formation of thin (less
than 1000 A) films, the present invention can be used to form
films with thlcknesses greater than 1000 A. As such, the
detailed description of the present invention 1s to be taken as
illustrative rather than limiting whereby the scope of the
present invention 1s to be measured by the appended claims
which follow.

Thus, thin, low resistance silicon/tungsten-silicide com-
posite films and their methods of fabrication have been
described.

What 1s claimed 1s:

1. A method of forming a silicide on a silicon layer
comprising the steps of:

forming a first tungsten-silicide layer on said silicon layer
wherein said first tungsten-silicide layer consists of
monosilane (SiH,) based tungsten-silicide;

forming a second tungsten-silicide layer on said first
tungsten-silicide layer wherein said second tungsten-
silicide layer 1s formed from a gas mix comprising
dichlorosilane (DCS); and
wherein said first tungsten-silicide layer prevents DCS
based tungsten-silicide from interacting with said
silicon layer.

2. The method of claim 1 further comprising the step of:

exposing said silicon layer to a third gas comprising

monosilane (SiH,) prior to forming said first tungsten-
silicide layer.

3. The method of claim 1 further comprising the step of
exposing said second tungsten-silicide layer to a fourth gas
comprising silane.

4. The method of claim 1 wherein said first gas mix
further comprises WF. and said first gas mix has a
WEF:S1H, ratio of approximately 1:100.

5. The method of claim 1 wherein said first tungsten-
silicide layer 1s formed at a pressure between 0.2-10 T and
at a temperature between 450-625° C.

6. The method of claim 1 wheremn said first tungsten-
silicide layer has a S1:W ratio greater than or equal to the
S1: W ratio of said second tungsten-silicide layer.

7. The method of claim 1 wherein said silicon layer 1s
polycrystalline silicon.

8. The method of claim 1 wherein said silicon layer 1s
amorphous silicon.

9. A method of forming a silicide on a doped polysilicon
layer comprising the steps of:

forming a first tungsten-silicide layer on said doped
polysilicon surface, said first tungsten-silicon layer
consisting essentially of tungsten silicide formed from
a reduction reaction of S1H, and WF; and

forming a second tungsten-silicide layer on said first
tungsten-silicide layer wherein said second tungsten-
silicide layer 1s formed from a reduction reaction of
DCS and WF, and
wherein said first tungsten-silicide layer prevents DCS
based tungsten-silicide from interacting with said
doped polysilicon layer.
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10. The method of claim 9 wherein said first tungsten-
silicide layer 1s formed to a thickness of approximately 100
A.

11. The method of claim 9 wherein said first tungsten-

silicide layer 1s formed from a gas mix having a WEF . S1iH, 5

ratio of approximately 1:100.

12. The method of claim 9 wherein said first tungsten-
silicide layer has a S1:W ratio greater than or equal to the
S1: W ratio 1n said second tungsten-silicide layer.

13. The method of claim 9 further comprising the step of 10

exposing said second tungsten-silicide layer to a second gas
mix comprising silane.

14. A method of forming a silicide layer on a doped
polysilicon layer, said method comprising the steps of:

doped polysilicon layer; and

forming an interfacial tungsten-silicide layer on said 13

10

forming a DCS based tungsten-silicide layer on said
interfacial tungsten-silicide layer wherein said interfa-
cial tungsten-silicide layer prevents DCS based
tungsten-silicide from 1nteracting with said doped poly-
silicon layer.

15. The method of claim 14 wherein said interfacial

tungsten-silicide layer 1s between 10-500 A thick.
16. The method of claim 14 wherein said interfacial

tungsten-silicide layer and said DCS based tungsten-silicide
layer are formed 1n-situ.

17. The method of claim 14 wherein said interfacial
tungsten-silicide layer has a S1:W content ratio greater than
or equal to the S1:W content ratio of said DCS based
tungsten-silicide layer.

G o e = x
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